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			Abstract

			The data from biomedical studies show that the patterns of mortality in a population considered as a whole may differ significantly from the mortality rates in the constituent subpopulations. An analysis of empirical data reveals heterogeneity in survival parameters in populations of various types of laboratory animals and humans. The aim of this work is to present empirical data and results of in silico study indicating the possible approaches for early forecasting the viability of dairy cows in heterogeneous populations. 

		

		
			Introduction

			The data from bio-medical studies show that the patterns of mortality in a population considered as a whole may differ significantly from the mortality rates in the constituent subpopulations. An analysis of empirical data reveals heterogeneity in survival parameters in populations of various types of laboratory animals and humans [1]. In the study of the health status of the public health in radiation lesions, taking into account the heterogeneity of populations allows obtaining more accurate estimates of risk factors [2]. The fact that the revealed consistent patterns have of general biological nature is evidenced by the results of the analysis of empirical data on the age dynamics of productivity and survival in the populations of dairy cattle [3].

			Several methodological approaches for early quantifying the viability of cows at the level of group (e.g., bull’s daughters), herd or population were described by the author earlier [4]. The aim of this work is to present empirical data and results of in silico study indicating the possible approaches for early forecasting the viability of dairy cows in heterogeneous populations.

			Empirical study 

			As a material for the study, the records of the age composition of the herds of Black-and-White cows in 16 breeding firms of the Leningrad oblast of Russian Federation in the period 1985–1990 were used, averaged over 5 years to compensate for deviations from stationary state in herds turnover. The dynamics of culling 

rate of cows from the herd (culling intensity from respective cohort when herd is in stationary state of turnover) in most cases is usually approximated by the Gompertz function yc(t)
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			Where; t: is number of the current lactation, S: Is the quantity of cows in cohort, ΔS: Is the difference in the number of cows at the previous and current lactation, Δt: 1, B and c are constants.

			The function, inverse to the culling intensity, characterizes the age decrease of viability. The dynamics of cows leaving the dairy herd over 8-10 lactations in 16 breeding units was approximated by the Gompertz function with an average value of R2 = 0.79.

			When analyzing the data obtained, a higher level of variability in the parameter B was noted (the intensity of culling at first lactation), compared with parameter c. Previously, certain grounds were obtained for interpreting the reciprocal of yc1 (yс at t=1), i.e. B-1 e-c as an indicator characterizing the viability potential of this group of animals [4,5]. In other words, differences in the level of viability formed at the beginning of reproductive period can determine (on the average, in group or population) differences in the length of productive life (LPL) [4]. 

			This pattern will be most clearly expressed if the compared groups or populations have similar values of c in the Gompertz function. This is theoretically possible in a situation if the aging rate, characterized by c, is determined mainly by stable genetic factors, including the breed features. Since the Leningrad type of Black-and-White breed during period of data registration was a stable population, it can be assumed that this population could have the same value of c, and the variations found between the components of this population are due to the heterogeneity of the studied herds in respect to values of the parameter B.

			 As a definite argument in favor of this second interpretation of the variability in parameter с, it can be considered the negative relationship between the parameters B and c detected in 16 studied breeding firms (c = 0.19 - 0.45*B, R2 = 0.69, P<0.001), i.e. the more B, the less с. This gives grounds for assuming that the herds studied are heterogeneous in terms of survival dynamics, while variations in the values of the parameter B have a significant effect on the values of с recorded in the studied herds.

			Study in silico

			To verify the assumptions made, 4 series of calculations were performed on the Gompertz discrete model implemented in the format Excell MS with a step Δt = 1 to predict survival of cows in four model heterogeneous subpopulations (I-IV) with the same initial number n (1000 cows at the first lactation), each of which consists of four homogeneous groups with different values of the initial number n and parameter B, but with the same value of c (c = 0.1) (Table 1).

			Table 1: The structure of four model heterogeneous subpopulations, each of which consists of four homogeneous groups.
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			Note: n: Initial size of the homogeneous groups (number of cows at the first lactation), B: Parameter in Gompertz function, tmax: Maximal length of productive life (in lactation numbers).

			It is assumed that this model experiment reproduces the main features of the studied situation in which all 16 subpopulations belonging to breeding firms in different regions of Leningrad oblast, consist of several groups homogeneous by parameter c, i.e. having the same value of this parameter, but different values of B. In the calculations, the truncated Gompertz distribution was used and as the maximum LPL (tmax), the value of t was taken, at which the number of unrecorded long-lived cows is a negligible small fraction (less than 2-5%) of the initial number (at the first lactation). Under this condition, the average LPL (T) is approximately 2 times less than the value of tmax [3]. The dynamics of culling rate in the four model heterogeneous populations were approximated by the Gompertz function with a high coefficient of determination (R2 = 0.81-0.92); the values of c in variants I-IV varied from 0.079 to 0.113 (in all homogeneous groups in the subpopulations, c = 0.1), and there was a close negative relationship between the values of B and c (Figure 1).
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			The fact that the correlation between B and c, detected in the modeling longevity in heterogeneous population, is also established on empirical data for 16 breeding farms, supports the above formulated assumption that the rate of aging of dairy cows, characterized by the value of c in Gompertz function, is determined mainly by stable genetic factors, including breed features, whereas the observed population variability of LPL depends on the viability potential formed to the beginning of the reproductive period. Earlier, it was shown that this potential can be expressed as the reciprocal of the culling rate at the first lactation [4]. The results of this in silico study confirmed the presence of a negative correlation between the value of B and the LPL in the total set of homogeneous groups that have the same value of c (Figure 2).
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			The results obtained, and our interpretation of the identified patterns are consistent with the scientific data, indicating that the animal viability is determined not only by genotypic factors, but also by epigenetic modifications, arising in response to endogenous and exogenous effects at the early stages of ontogenesis [6-10]. Since the identified patterns depend not only on the inherited genetic structures, but also on the “history” of events occurring during critical periods of development, descendants are born in cows, and groups (subpopulations) with different potential of viability are formed in herds and populations. 

			Conclusion

			In general, the data obtained suggest that to create optimal type of dairy cows with a balanced ratio of milk productivity and viability, as well as for early prediction of the length of productive life, it is reasonable to create a system of lifelong monitoring of external influences and the physiological status of animals at all stages of ontogenesis, as well as an appropriate data analysis technologies for finding the effective predictive tests. Possible candidates for the role of tests for the prediction of productive longevity should not be search in terms of physiological homeostasis; they are more likely to be found in the area of action of constitutive and epigenetic factors. To extend the length of productive life, in addition to fighting diseases, it is necessary to increase the “initial” value of total resistance, i.e. functional reserves at a young age, with the use of different approaches, including selection, elimination of adverse deviations in the course of embryonic, fetal and postnatal development, as well as the application of technological influences at a young age, contributing to an increase in overall protective reserves.
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Figure 1:The relationship between parameters B and c in
the general model population, consisting of 4 heterogeneous
subpopulations (I-IV in table).






OEBPS/image/ARTOAJ_.jpg
Agricultural
Research & Technology
Open Access Journal

S O T





OEBPS/toc.xhtml

		
			
						
					CoverImage
				


						
					ARTOAJ.MS.ID.556088
				


			


		
	

OEBPS/image/175919.png
Agricultural Research & Technology g Junl
Open Access Journal % % BLISHERS
185N: 2471-6774 i

_Ikey to the Researchers

Short Communication Agri Res & Tech: Open Access |

Copyright © Al rights are reserved by Cherepanov GG

Volume 19 Issue 2 - December 2018






OEBPS/image/Image175181.png
7 (1) =as/(s'ar) = Bexp(er)





OEBPS/image/175615.png
35 T=-6730*B+ 5,120
45 L R*=10,742,P<0,001
35

25

15

Figure 2:The relationship between the average length of
productive life T and parameter B in 16 groups with different
initial numbers n, but the same value of the parameter c.






